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model	  structural	  forms.	  	  	  We	  are	  actively	  working	  on	  improving	  the	  WRLCM	  and	  developing	  the	  
spring-‐run	  LCM	  (SRLCM)	  and	  fall-‐run	  LCM	  (FRLCM).	  	  Many	  of	  the	  CIE	  recommendations	  will	  be	  
implemented	  with	  subsequent	  versions	  of	  these	  models.	  

	  	  	  

	  	  

	  

	  Figure	  1.	  Geographic	  distribution	  of	  Chinook	  life	  stages	  and	  examples	  of	  environmental	  characteristics	  that	  
influence	  survival.	  
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The	  quantity	  and	  quality	  of	  rearing	  and	  migratory	  habitat	  are	  viewed	  as	  key	  drivers	  of	  reproduction,	  
survival,	  and	  migration	  of	  freshwater	  life	  stages.	  	  Various	  life	  stages	  have	  velocity,	  depth,	  and	  
temperature	  preferences	  and	  tolerances,	  and	  these	  factors	  are	  influenced	  by	  water	  project	  
operations	  and	  climate.	  	  	  

	  

	  

	  

Figure	  2.	  Temporal	  structure	  of	  the	  winter-‐run	  Chinook	  salmon,	  each	  cohort	  begins	  in	  March	  of	  the	  brood	  year.	  	  Figure	  
from	  Grover	  et	  al.	  (2004).	  

Hydrology	  (the	  amount	  and	  timing	  of	  flows)	  is	  modeled	  with	  the	  California	  Simulation	  Model	  II	  
(CALSIM	  II).	  	  Hydraulics	  (depth	  and	  velocity)	  and	  water	  quality	  is	  modeled	  with	  the	  Delta	  Simulation	  
Model	  II	  (DSM2)	  and	  its	  water	  quality	  sub-‐model	  QUAL,	  the	  Hydrologic	  Engineering	  Centers	  River	  
Analysis	  System	  (HEC-‐RAS),	  the	  U.S.	  Bureau	  of	  Reclamation’s	  (USBR)	  Sacramento	  River	  Water	  Quality	  
Model	  (SRWQM),	  and	  other	  temperature	  models.	  	  The	  enhanced	  particle	  tracking	  model	  (ePTM)	  
makes	  use	  of	  many	  of	  these	  DSM2	  related	  products	  to	  calculate	  survival	  of	  outmigrating	  smolts	  
originating	  from	  Lower	  River,	  Delta,	  and	  Floodplain	  habitats.	  	  Many	  of	  the	  stage	  transition	  equations	  
describing	  the	  salmon	  life	  cycle	  are	  directly	  or	  indirectly	  functions	  of	  water	  quality,	  depth,	  or	  
velocity,	  thereby	  linking	  management	  actions	  to	  the	  salmon	  life	  cycle.	  	  The	  combination	  of	  models	  
and	  the	  linkages	  among	  them	  form	  a	  framework	  for	  analyzing	  alternative	  management	  scenarios	  
(Figure	  3).	  
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Appendix I Description of Cohort
Reconstructions

1 Aging Conventions

Sacramento River Winter Chinook  Based

on the appearance of adults at Red Bluff

Diversion Dam, winter chinook are believed

to enter the San Francisco Bay between

November and May.  Spawning occurs

between April and July.  Fry emerge in the

fall and emigrate to the ocean during the

winter and spring. Winter chinook become

vulnerable to ocean fisheries towards the

end of their second calendar year of life as

age 3 fish (Figure 1).  Age increments on

March 1, unless fish enter the river; the

date is intended to represent the time when

the majority of fish destined to mature in a

given year have left the ocean.  Under this

convention, fish are designated as age 2

soon after they emigrate to the ocean,

although they are still in their first calendar

year of life.

Butte Creek Spring Chinook  Spring

chinook enter Butte Creek about six weeks

earlier than do the populations of Deer and

Mill Creeks. Fry emerge in the fall and the

emigration of juveniles occurs primarily in

January and February for young of the year

and from September to May for yearlings. 

The aging convention is similar to that used

for winter chinook, except the age of fish

increments on May 1, unless they enter the

river to spawn.  They first appear in ocean

fisheries during June and July of their

second calendar year of life as age 3 fish

(Figure 2).  Age 5 CWT recoveries have

occurred in ocean fisheries but not in

carcass surveys. 

Figure 1.  Aging convention for

Sacramento River winter chinook.
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Figure 2.  Aging convention for

Butte Creek spring chinook
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Figure	  3.	  Submodels	  that	  support	  and	  provide	  parameter	  inputs	  that	  feed	  into	  the	  life	  cycle	  model.	  

	  

The	  life	  cycle	  model	  is	  a	  stage-‐structured,	  stochastic	  life	  cycle	  model.	  	  Stages	  are	  defined	  by	  
development	  and	  geography	  (Figure	  1),	  and	  each	  stage	  transition	  is	  assigned	  a	  unique	  number	  
(Figure	  4).	  
	  

II.	  Model	  Transition	  Equations	  
This	  section	  is	  divided	  into	  two	  parts.	  	  In	  the	  first	  part,	  we	  explain	  each	  of	  the	  transitions	  for	  the	  
natural	  origin	  winter-‐run	  Chinook,	  which	  are	  described	  by	  the	  life	  cycle	  diagram	  (Figure	  4).	  	  In	  the	  
second	  part,	  we	  explain	  the	  transitions	  for	  hatchery	  origin	  fish.	  	  The	  transitions	  are	  described	  for	  an	  
annual	  cohort;	  however,	  in	  most	  cases	  we	  have	  not	  included	  a	  subscript	  for	  the	  cohort	  brood	  year	  to	  
simplify	  the	  equations.	  	  For	  those	  transitions	  in	  which	  there	  are	  multiple	  cohorts,	  such	  as	  the	  
production	  of	  eggs	  in	  transition	  22,	  a	  subscript	  to	  distinguish	  cohort	  is	  included	  in	  the	  equation.	  
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Figure	  4.	  	  Central	  Valley	  Chinook	  transition	  stages.	  	  Each	  number	  represents	  a	  transition	  equation	  through	  which	  we	  can	  
compute	  the	  survival	  probability	  of	  Chinook	  salmon	  moving	  from	  one	  life	  stage	  in	  a	  particular	  geographic	  area	  to	  
another	  life	  stage	  in	  another	  geographic	  area.	  	  

	  

Natural	  Origin	  Chinook	  

Transition	  1	  
Definition:	  	  Survival	  from	  Egg	  to	  Fry	  
	  
Frym+2	  =	  Eggsm	  *	  Seggs,	  m	  	  	   	   	   	   	   	  
	  

𝑙𝑜𝑔𝑖𝑡 𝑆!""#,! =
  𝐵0!  ,                                                                                                          𝑇𝐸𝑀𝑃   ≤ 𝑡. 𝑐𝑟𝑖𝑡
𝐵0! + 𝐵1! 𝑇𝐸𝑀𝑃! − 𝑡. 𝑐𝑟𝑖𝑡 ,            𝑇𝐸𝑀𝑃 > 𝑡. 𝑐𝑟𝑖𝑡 	  

where	  Seggs,m	  is	  the	  survival	  rate	  of	  fry	  as	  a	  function	  of	  the	  coefficients	  B01,	  B11	  and	  t.crit	  (model	  
parameter	  representing	  the	  critical	  temperature	  at	  which	  egg	  survival	  begins	  to	  be	  decline),	  the	  
covariate	  TEMPm	  (the	  average	  of	  the	  month	  of	  spawning	  m	  and	  the	  following	  2	  months),	  logit(x)	  =	  
log(x/[1-‐x])	  is	  a	  function	  that	  ensures	  that	  the	  survival	  rate	  is	  within	  the	  interval	  [0,1],	  for	  months	  m	  
=	  (2,	  …,	  6)	  corresponding	  to	  April	  to	  August.	  

	  

Transitions	  2	  -‐	  5	  
Definition:	  Dispersal	  from	  fry	  in	  the	  natal	  reaches	  as	  tidal	  fry	  to	  the	  h	  habitats	  =	  Lower	  River	  (LR),	  
Floodplain	  (FP),	  Delta	  (DE),	  and	  Bay	  (BA)	  in	  months	  m	  =	  (5,	  …,	  10)	  corresponding	  to	  July	  to	  
December.	  	  Remaining	  fry	  as	  rearing	  fry	  in	  the	  Upper	  River	  (UR).	  
	  
Tidal	  Fry	  and	  Upper	  River	  Rearing	  Fry	  (Transition	  2)	  
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TidalFrym,	  =	  PTF,*	  Frym	  

RearFryUR,m	  =	  (1	  -‐	  PTF)	  *	  Frym	  

	  

where	  PTF	  is	  the	  proportion	  of	  fry	  moving	  out	  of	  the	  Upper	  River	  as	  tidal	  fry,	  and	  RearFryUR,m	  are	  the	  
number	  remaining	  in	  the	  Upper	  River	  habitat	  (UR)	  as	  rearing	  fry.	  

Floodplain	  Tidal	  Fry	  (Transition	  3)	  
	  
Whenever	  there	  are	  flows	  into	  the	  Yolo	  Bypass,	  a	  proportion	  of	  the	  Tidal	  Fry	  move	  into	  the	  
floodplain	  habitat:	  
	  
TidalFryFP,m	  =	  STF,FP	  *	  TidalFrym	  *	  PFP,m	  	  	  

where	  PFP,	  m	  is	  the	  proportion	  of	  fry	  that	  move	  into	  the	  Floodplain	  habitat,	  and	  STF,FP	  is	  the	  monthly	  
survival	  of	  tidal	  fry	  in	  the	  floodplain.	  	  The	  PFP,m	  	  is	  modeled	  as	  a	  function	  of	  the	  expected	  flow	  onto	  
the	  Floodplain	  habitat	  due	  to	  proposed	  modifications	  of	  the	  Fremont	  Weir.	  

	  

	  

𝑃!",! =

𝑚𝑖𝑛. 𝑝  ,                                                                                                                                                                                            𝑦. 𝑓𝑙𝑜𝑤! < 100

𝑚𝑖𝑛. 𝑝 +
𝑦. 𝑓𝑙𝑜𝑤! − 100 ∗ (0.5 −𝑚𝑖𝑛. 𝑝)

5900
  ,                              100 ≤ 𝑦. 𝑓𝑙𝑜𝑤! ≤ 6000  

𝑖𝑛𝑣. 𝑙𝑜𝑔𝑖𝑡
𝑝. 𝑟𝑎𝑡𝑒 ∗ (𝑦. 𝑓𝑙𝑜𝑤! − 6000)

1000
  ,                                                                𝑦. 𝑓𝑙𝑜𝑤! > 6000

	  

	  
	  
where	  PFP,m	  is	  the	  proportion	  of	  fry	  moving	  into	  the	  Floodplain	  as	  a	  function	  of	  the	  coefficients	  min.p	  
(0.05)	  and	  p.rate	  (1.1),	  and	  the	  covariate	  y.flowm.	  	  The	  function	  inv.logit(x)	  =	  ex/(1+	  ex)	  ensures	  that	  
the	  proportion	  of	  fry	  moving	  into	  the	  Floodplain	  is	  within	  the	  interval	  [0,1].	  	  The	  covariate	  y.flowm	  
represents	  the	  monthly	  average	  flow	  rate	  (cfs)	  at	  the	  entrance	  to	  Yolo	  Bypass	  (CALSIM	  node	  D160).	  	  
The	  relationship	  between	  PFP,m	  and	  flow	  is	  depicted	  in	  Figure	  5.	  	  
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Figure	  5.	  The	  relationship	  of	  Floodplain	  entry	  (Yolo	  bypass)	  entry	  proportion	  (PFP)	  as	  a	  function	  of	  Yolo	  flow.	  

	  
Delta	  	  and	  Bay	  Tidal	  Fry	  (Transition	  4	  and	  5)	  
	  

TidalFryDE,m	  =	  TidalFrym	  *	  (1-‐	  PFP,m)	  *	  (1	  –	  PTF,	  BA,m)	  *	  STF,DE,m	  

TidalFryBA,m	  =	  TidalFrym	  *	  (1-‐	  PFP,	  m)	  *	  PTF,	  BA,m	  *	  STF,DE,m	  *	  STF,DE-‐BA	  

where	  STF,DE,m	  	  is	  the	  survival	  to	  the	  Delta	  by	  Tidal	  Fry.	  	  

logit(STF,DE,m)	  =	  B04	  +	  B14*DCCm	  

where	  B04	  and	  B14	  are	  model	  parameters,	  and	  DCCm	  is	  the	  proportion	  of	  the	  transition	  month	  that	  
the	  DCC	  gate	  is	  open.	  

PTF,Bay,m	  is	  the	  proportion	  of	  fish	  moving	  to	  the	  Bay	  from	  the	  Delta	  

logit(PTF,Bay,m	  )	  =	  B05	  +	  B15*QRioVista,m	  

where	  B05	  and	  B15	  are	  model	  parameters,	  and	  QRioVista,m	  is	  the	  flow	  anomaly	  (subtract	  mean	  and	  
divide	  by	  standard	  deviation).	  The	  mean	  and	  standard	  deviation	  were	  calculated	  from	  1970-‐2014	  
data	  at	  Rio	  Vista,	  which	  was	  the	  period	  of	  model	  calibration.	  

	  

Rearing	  
Definition:	  	  Fry	  rear	  among	  Upper	  River,	  Lower	  River,	  Floodplain,	  Delta,	  and	  Bay	  habitats	  according	  
to	  a	  density	  dependent	  movement	  function	  in	  months	  m	  =	  (5,	  …,	  10)	  corresponding	  to	  July	  to	  
December.	  	  	  

	  


